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ABSTRACT a e pene 
: this oe ‘aetaile the séientific Beara anuany “Course. 
that is. a part of "Project So0L." “The course is intended for’, 5°. 

° underprivileged high school’ -tuntors and seniors having an. int trast in 
mathematics or science and aspirations to attend’ colleges The report . 
is divided into.three sections. In section |t,. the administration and < 
operation of the course as it: was: offered it’ the summer of -1970° i's ° 
discussed. In.section’ Il, the contents of thé course. are described. * 
This section may be used as ‘a guide for the design of. curricula for 

ture courses of the Same nature. Evaluation of the ‘course and 
gested improvements. are given in section TII of the report. « 
yarious cOyrse: materials aegis are epee cng) ; 


v oe 
: a i ’ ' a . a 
‘ : my : - _* 
: an : : 7 aE ae oe . 


id 


- - 


fet Ft 


noddokiniggaonadadunraodonanan iain ne ieinaaingl aa a nanaccn es eM 
“s Reproductions. supplied by BDRS. an pian beat that tan’ be maWe . 
ee » - from the obiginal sie sis aR 
ntgysinensagnndyantntnenenasinentenses tise eM atk aa HII, ce 


it Hohe hella 5, 
{ 


tee 
' 
' 


POSITION OR- POLICY 


eee Ss J SetgNa AHEM 
. a ay isi LY 


Haat gla 


‘ pigtions, ye 


Yi; 


ne av 


ae 


o 


ze 2. ee and Placement: 
1 34 Organization : 


D. 


E. 


Fy 


a. 
‘A. 


: Se Course Material. 
o SECTION ai 


m wi gp 


- htroduction . 
SECTION ie i. a _ 


a 


“hy Personnel | _ ee . 


6... Cour'se Objectives 
1. Teaching Guide . 
8. Design Philosophy , ” 
SECTION ir. 

| 9. Assessment | 


10, Re commendations. 


. 


€ 


a 


- ~*~ 3 | APPENDICES . 


. Geganieationsi Chart 
Schedule of Classes 
Aptitude Test | 
Supplementary. Notes 
Laboratory Problems 


Additional Homework and Examin 


‘Samples of Student Work 
, Evaluation Questionnaire 


vA 


* 


reer! 


¢ 


+ 


THE ScENTIFIC. PROGRAMMING coms, . a 


i sae 


fe 


Type ee 


bis wy nee 


“tenn satay 


Wrse atm cages seep epevrgns eye ran, i ‘ 
Yee 
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* instruction ; as neces sary, totaling four hours a: day, halt. in the 
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: ion volume; ‘Com uber. Science: A Primer is uged as: a reference | 
hut not required. . Supplementary hotes. written. especially’ for thé’ : 
- ho wu : An tntrodiiction ito Coinputers and ‘Programming, |: by. Ae Lew. 
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a course include: 


! 30 7 Numbers and: ‘Their Representations, a By E. Angel and 
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| “upon ‘successful completion of ‘the’ course, t ‘the’ student"should be abie~ 
to write: simple computer p¥ograms to solve whatever fume irical,” : 
‘problems he. might encobnter' later in college or on ‘the job. Our ule i? ‘ 
sof thumb is that, if the student can golve a problem on paper, he . 
‘should be: able to. sdlve it using a computer, . To this. end, ‘the: ‘coursa 
eee, “provides, training in ‘the use of digital computers to: solve problems, . eo, 
in mathematics and sqience.- Actual. experience jn ‘programming an a 
IBM SyStem/360 ‘computer using: the FORTRAN IV: language is aiven, 7 
- Most importantly, general: concepts basic to the. understanding of any. 
‘computer’ or prograniming language are discussed, « Knowledge of 
“FORTRAN and basic computer cofcepts: should thus: enable, the: stuire® 
to readily. learn. other computer languages as. the, need arises. | hy The. : 
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Bia ” | a _ “Describe the Payroll 1 program ig} “ 1, Ps 4 of text) and the cS te i fiat, 3 
ai. Dea - Fibonace progvarh (Fig,, 13, “B. 19). The objective is to Bive a. ‘eo ‘ 

: os ’ 4h - “Meet for, what FORTRAN, progranis took: Toole Aik, and Thence the descrip: ~ 
ea : “tion, may be somewhat auperficial ¢ (Say 80, lest you scare any* ee a 
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: ae . a : ees thay ‘Bee a typical ao deck, “Algo, pass, out job listings, : : none | 
Sag ae "READING nasithetic ; o ce gone a 
. a _ a at, «An Introduction to" Ere and Programming” ae - =. co _ : 
a ae, - LAB PROBLEM. ee tes ; ae a, 
: “ el | 7 cay - | Punch and’ run the Fibonacci program ‘(rige 1. 4) with the _ ; 
te ” es 7 appropriate control cardd, | (Thig assignment. is designed to intro on, ee 4 . . 
Pe rae _ ’ dice keypunching, card layout, deck set spy ~~ job 8 submittal. ; _ fe : : ) : 2 oo 
a : a The present goal.i 4s not understanding the’ program; ‘but juat the 7 a < : a 
i ae ee . ; : a . mechanics’ of running a job.” “In fact, “the-program as ib. has an _ - 
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ori the: following polita in’ 8 
. 9a ag. simply and. sttaightforwardly ‘as possible. There should’, re ‘. 
a ne: redundancy to. aid: ‘in: the:Jeazning process. “whe students : 

ag. : - : “Showld not be: required to acquire new dnformation through heading: 

ss . Reading” assignments should be given on topics, already covered by. 
“lectuites ,, or else should be optional. ‘Tutoring should be. mad¢” Cs a te 
‘veadily available. In ens belief ‘that’ much calth be learned ‘by. ana~ : ay oe 
oe dyeing in’ depth sample. programs, this tacticti 8 relied upon, » “The : . - a 
“a gtident-is also "led+ ~by~ “the-hand'! a ‘great deal to facilitate trans-. et 
* gs. ference of knowledge . from sample progterar to. o.newlyiaasigned. ngs - 


* ‘ oe aa 
Sow, si . 
who! 
ne M. i _ aed 


ee " The ‘curtioulae should not be: rigidly strictiored | Dut tether | = Ae 
, * ghouls be flexible enough to adapt easily to any particulay, group. of. pee oa) - 
\ © students. -Consequently, the instructors. “should be: allowed-a ‘gebat ar : io 


: a deal.of freedom in the conduct of their ‘clas Be8 4 But while we cannat . es ; : 
; . expect every. class to ‘proceed: at the. pars, pace, a certain minimal - oo 
| level. of achievement should ‘be: set" (Sthedule. D). This provides a 4 = a * FY : : 
‘ ‘definite ‘target. and assures that upon achievement, the student will Lee — 
° ‘ ae ; ; - 


& shave Pealy profited from the course. | 


ro hore 5 a i . . sR ot ; 
. ce PY ‘ . ~ ‘ 
rf ¢ ¢ N Ac ’ be 


. a ' #3 inn ‘Hmphaile sHiould be wiaead upon genuine wgelorstanding of 
“basic | and general cincepts ‘gind riot: upon the: details or idiosyncracies” 4 
7 of, Specific languages . Gonsequently, the, first portion of the course 
< covers basic. cars oieunaniani FORTRAN. context, ‘While a a. 

: & ‘ FORTRAN may eventually become bsolete ; the, underlying knowl- face 
ae a edge. will remain of value, Thus no attempt shosld be made to teach . 

as much as ‘pos sible of FORTRAN IV at.the: expense of” ‘a. weal treat- 

- thent of a furidamental, subset of the: language. | “The subset streleed os, 


an ae ‘i - an ‘the course ia sufficient to program ‘solutions, to all problérha " 


ie Ss 


students ae likely to encounter in the hear future, however ine : 
cently, on inelegantly. Phis is the: reason four basic compute or 


. ey 3 


dt 


q . 


“opepitions.A are  atnphasizad while “othe highe level: operations (oth 
as ote itexation ‘BO. statement) are regarded, as. conveniences’. ae 


= 
t ! oo 
. # a Be! Bs -s i een n° 


oe ‘The ‘main mithertiatical content t of the ¢ course is ‘lett anti 
- the last. week and is “‘cusentially. optional material,’ “the Ree ; 
‘here. ahd in. eatlier, lessons: ‘should ‘be presented at whatever, level . 7 
seems ‘appropriate for’ any particulaz class. Since’ little’ imathiemati-' | 
he maturity can be expected of the atudente, at’ is expected that the . 
“ile will be relatively unsophisticated .. ‘This. is not to ‘gay. ‘that: new 
7 “and: computer- related. mathematical topics should: not be. presented. 
Ina scientific programming course, ‘mathematics, plays a very. im-: : 
"portant role, But care “should Be taken that difficulties it fully: un- % 
derstanding the rifathematical aspects. at a problem: do: ‘not. prevent. 


wah 
% 


students from’ successfully learning: to program its. solution, nor | 
“become a source of’ serious discouragement. When this is. case, 


“the mathematics becomes expendable, : 


ie - Treatment of numbers and: bie ‘Sepresentaticns. is of. 
especial inndetenes in understanding computer arithmetic. . Re: 7 
grettably; the: ‘mathematics involved is somewhat complicated, o 
Very basic material on number’ systems and internal storage of - 
numbers. is. included in thi's course,” ‘enough to distinguish between ~ 
fixed and ‘fidating point répresentations ‘of nurnbers, and to reveal 
the mysteries ofroundoff. Full tomprehension of these concepts. . 
‘is an unreasonable goal for this course, but knowledge 0 of their — 
. “existencé and appreciation therdof is “of value. in itsélf.. 
oe 3 yo oe, aes a 
" Only a minimal umber of laboratory: problems.weré in~ 
~ eluded in the lesson plans, . “These p¥oblems. were designed to em- 
- pliasize certain specific concepts, and weie not meant ‘ta. be com. 
" peehenipive, © ‘The instructors were, expected to stipplement. the: ‘y . 
s problems with hériework exercises and other laboratory problems. i 
° éf their. Own « They were also’ to design | their own examinations qs 


“< - Copies, of the contributi fond of thé instructorg Appear, din Appendix rr # 


"evaluate the course. “This any done by ‘questioniiaixe 3 copy a ae a 


oe Which aa appended: (ppd Hy. We. 0a i inatine here's the main. 
& _oritigismhs s offered. Se ‘ 


ee . ‘ 4 a aes ee . e eat ‘ : . 


‘The: goncensus: “apinign was that in. cour 
ee ‘habia fruitful and: rewarding experidnes for. staff: atid. studénite oe 
ee : i? ’ alike.. ‘There was no dotibt that-non-honoy. high: schoo}. students. ae , a 
oe oe . “could be’ taught acientific. programming, in’ as: little: ‘as: four’ weeks. | ae: : ° Ae . 
atone This was borne out again in the: course: this. ‘suminer, as: at. had. a ‘ “ ae 
—_ ve _ been the previous ‘two ‘summers. in predécessor courses, ag well: 

. = ee “as in courses: across the ‘country. A collection of programs (and 
oe “theie isehie’ ‘written - the students ia ‘included in , Append oe 4 os ae a a 


° ‘ ee 


is 


<- ‘ 


a “ a? “Most of the piece made in’ last.year! 8 ‘report ‘remain me < 
~ oS “valid. Academically driented. students, many of whom: will uge their 


TS newly acquired Knowledge as. a ‘tool in their éollege. work, became fh CD 


ae 7 » more: -enthusiastic about pursuing acientific research after ‘having’, %, ; - we 
been exposed to the use of computers th solving problems... Less 4 

ee a academically inclined students showed much more interest ‘than 3 

— they had in their high school science and math courses, which they. —_ 

“claimed we re often too theoretical and. incelevant to their needs. = ot ‘ - 

A e = 3 There were, unfortunately, 4 a | number of students, who lacked either - ear é ‘a 


‘ sufficient motivation or perseverance or aptitude , and consequently. | 


e- 


» aid not derive ‘much benefit from the course.’ A. major question. is : . . . 
ona i ha a8 "whether ‘ ‘a more careful pre- -evaluation and admission policy might 
2 Laue have or : should have eliminated these students from, the start, 


ae oy A question taised by ¢ one , instructor was s that of = - 


ie 4 Se » our tn ould be exactly those who have found, no motivatio 


4° ° 


ae on" thelr. traditional edticational experieride, on 3 ss ion ; 
et “dione, » at was. decided! ‘that'there x was very. Kittle, we, Having. po‘formal we: a 
ae educational or ‘peyghological, training, ‘gould do with, duch. students .: - SS ae 
Ip any’ case, it was. concluded "that the problems. these, students face, 2 
- are: 80° deep as to be impervious to, a: lirhited, four* week’ attack. Quy 
: course was. seen: as providing, an’ ‘opportunity for’ those, “who” ate moti- = : oe i. 
oe ‘vated and: have the aptitude (albeit: “not reflected in their performances : : 
| in high ‘school. clas sea), : rather than as attémpting to provide. moti< 
| Nation, to’ thoue v who lack same ,: = : 


« 
a 
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. While it’ was sour objective to. provide pesnerators rather ” | 
than eamedial’ training, we. must still. be concerned with the motiva=" 7 
I tion « of the. students , ; at least to the extent of not discouraging anyone’. _ 
. This isa dethanding requirement and necessitates a conscientious . 
7 effort on the. ‘part of all the ‘staff. ‘The extent _ which ‘taffy was. 


successful in thig effort, Psi ficult £01 measure. a 


a 


» Other ériticieris rnade ‘related to the content of the course. | 
and to the text. The text was not found to be very helpful. This did 
not; however, cree a serious problem. - The. coprée: had been de- i 
Se signed with most ‘of the burden placed on. the instructors. . _Further-- 
3 more “programming: more BO than other subjects is. leartied by doing. 
Hence, although the text should. be ‘chosen wisely, it is. more impor-", 

: tant to, cencentrate. on. improving the quality and efforts of the instruc- 
“tional staff, It should. be noted that no book examined was found: to, -* 
oe. entirely, suitable: for this ROWERS. aT = or ee a _ 

“the course content was. generally: found. to be. satisfactory. 

- Soine iiistructora: expres seed: a. preference for a. different ordering. of 

i subject and a slight shift: in emphases. The DO, statement: y a 
‘thought to be too. closely linked’ ‘with subseripted variables » in | 
simplification of input- ovitput by use of. standardized formats was “ 


. suggeated. Somme, students also. had difficulty with various. 


A 7 
", 


Tai ee denlire iow the: inclusiot of. mote: senctee and 
an “Ipboratory. problems. in the! ‘lesgon, plans, was “enprea sed. ‘More could. 
ae he: easily found in: the-#apltitinds of FORTRAN, texts that: abound, ; and” 
| » eonsequently there: was. no- real difficulty in, leaving: additional. eae oa 
os - - renter to. the: discretiong dof. the: instructors + One’ other orifice was" 
a “that the: laboratory problems: provided were too “easy at the’ start” ste 
_ " while: ‘elatively difficult and, time*consurning. near. the: end of the. - 7 a 
“course. One: suggestion. for: ‘remedying: this te te dlechanel. in in, the ‘con- af oe ee i 


eluding ection, , s . . Pt et a ee wr ; a 
Oe sleet “nec " endations . Mis Ae ay ee gp | 
| “ ee, 7 : : We: cohelide. this report « on the. Scientific Programming y 
|  Coutse. with a Uist ‘of recommendations for impréving ‘thp operation, . 
4 ae : ‘3 ‘. and cohtent. of the course. We. first’ should emphasize that. the coursé: ve : 
a - _ 7 has been found. to. be extremely Valuable: and should. be. offered agai, a _ 
Bw perhaps. on an annual basis i ‘Furthermore, ‘we ‘recommend that the a Pig 


' PP stn course, ora facsimile, be. offered across the country. for there is 


a 


“need everywhere. Recomméndations for future « courses include the. 


« 


Be _ ADMISSION. The mére. effort made in pug-ovaluation of ‘ aa 7 - * : =" 
a ‘applicants, the more succeséful the course is: likely to. ‘pe. There‘ ce 
is of course a practical limit to the amount of. screening that can 
be performed, but. somie. attempt should be made to ‘limit enrollment 


c & 4 


hog 


i to those showing motivation, and aptitude . (We discuss this’ further 7 
_ glow.) [72a & ee ane et ee 


. 4 ey 
oe ; ” an 


ee ek 2B. . SCHEDULE, “Because of: ‘the nature of the ahiode it te — fie ee ie : 
re : . vecommended that the course be taught with 3 ‘shifting schedule. 


7 _ For exaimple, during the first week(s). of the class, three-fourths 
ry ae : : ‘ - - - ~~ e , e ‘ mY aa : oe: ‘ . 7 Pa) : “e : <—* . 


/ 


Loe 3 “Agetiire and a laborer, — ao oan e Se . a ae a ; oo ne 3 ae -. i 
pag a: a _c. 7  STAFY. Great care should 1 be taken in ihe Hecvuilment GF = oe 
egh Sue thie instructional staff. Desizable qualities for. instructors, tnhorss” oe. 
| a es tory assistants, and tutors. include kniowledgeablenesis, qnthusias gm je. — : 
: a _ and a sincere desire: to- help. Of: ‘course ,' apne pyidr, experience ith. - we - : 4 
ee * eeaehing would be preferable, but this ‘has: been found to be’ uninieces~ TRG ES 
7 . 7 ary... Of greater importance ‘is the ability to interact were oa be ede : : 


ce. a Di. aa INTERACTION, tt is of great importance | to ‘establisti rapport 
: a i 7 ts “with, each student. . ‘This has: the benefits of increasing tlie niotivation 
a of the students, alding thereby in. their learning procésis ; “and as ‘a, a ” Sy wal : on 
ae - “consequetice. rewarding the. members of the’ ‘instructiofial staff, 7 tin - | e 

| lating thereby their enthusiasm ,. ‘whence algo their: effectiveness. The 8 0 


ae _ y instructors should gee: ‘each student: individually as often’ as feasible 


a ‘and phould enc rage class. discussion by all, The. laboratory as sis~ . 

ae | - f tants should take the. initiative in soliciting questions. from the. stu-. , - 

8 7 . ‘dents, for those ho need’ the most help generally. will not, seek it,” 2 * 
. . It is recommended \that this be done by reviewing each ‘student's ore % “| 
3 : ~ —_ periodically each day in his présence, . . This would. encour". oo 


_ a “age the students to make better ‘use. ‘of thelr. time - in the’ laboratory, = oe gfe oe 


. ’ ie oe and would benefit the me e reserved or ahy students who- would . “ ae wv . ee 
: . 7 : = : é , otherwise remain withd ra re The, instructors and laboratory as sis - | ; i 
Diy dee, S “tants should not hesitate: to ¥e whe students’ £0 the tutors; again this’. : : — 
oe a i. a should not .be- voluntary , but shquid also. not be’ an ordeak nor a: atigma./ . noe : “fp 
oo, , The tutors, for. their ‘part, ‘should be well versed in the Socratic: ; a eo ag 
: ee ia ; - méthed for best effectiveness. Idea dys the. students. should: neeardy) o a se: Ae 
a ‘ = “each meniber of the instructional staf: asa friend to. ica 7 . 7 ee 
tt, oe ‘readily, and ‘naturally turn, 3. a a eee + ao a. ; 7 oe 


“yt 
a 


‘ see 


aS a : : result | by discussing each: subject moite ‘deeply, providing: more 


Pe 2 BP: 


. college, however, laboratory work is not ‘usually ‘included: in: the = F ee : 


by and sr tbigis are 5 of this. netere I r ieee smathisenatical: cose wel 
‘result by ‘deleting Lesson’ 8. and treating the. other’ ‘mathematical’. os 
“ponte ‘tn a cookbook: fashion, - A cours: for: honor ‘afiidents, would 


" miotivation and: background for the various concepts , and also: ty - [a o. 
strengthening, the mathematical content. A simplified course : eG : - 
would. re sult by: eliminating: most’ of the dis cus sion’ of fripat-outpui oo: fe ee 
_ Problems and d utilizing: standardized forinatbs Oo ae 


ee : an . ae : “? ” ae 
‘ : . » ay ow, sek 


 puRATION. While the progiéss. inade iby. moat students 4 in’ 

“the eighty” hoaFé of the course. was ost. gratifying, there is ‘Little a a 
doubt that a longer. course would, be. ‘of great benefit. EDP school = | ro. | ed 
programming courses, "for, example, provide five to ‘ten. times the. - Gi - “4 


hours of instruction, “College courses, ‘on the other hand j gener 


ally provide. fewer hours: (aréund 40 to 50) of instruction.’ (Int 7 eae —_ ah 


above. hour count ae: the ‘Students. are expected to do most of their eg a = Fee 
work on their own outside the classtoom .) In. any: case, it is. rec~,.- aa ee ors j 


bots . wa 4 


ommended: that the duration er the. course, be increased. ., - 


t . . “ a 
i Cr ar : rn 3 nes ey : “ 
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7G. OBJECTIVES. The limitation to. motivated and, apt students | : 
i justifiable in relation to our ‘stated: objectives ‘and capabilities ‘ : Sa. bohiieal i 


- roe oY 


hae: many students, “and in particular those: who have a sub-. . oe 
‘This leads us fe ee ci 
to the question | of whether or not our. objectives are ‘too, narrow, 3 pe 2h a - 3 


stantial need, cannot meet. our admission criteria. 


and whether a: similar course should be. designed: for those ‘who have’ 


‘the aptitude: but lack motivation. or for those, who have the: motivation ; 7 ie 
- but lack the aptitude. - “It should be’ ‘emphasized | that'a 
* these neglected es must necessarily ¢ differ in’ Content: from ees 


2 


‘course for, eg, & See 


. be 5 
ah za ae . t i Pe . : . % \ tas “ t 
Woe F - ey F ; ks 


. the present; course,” Faitliermore, to ha | | 
oa “quire, . woll*trained ly educationa}: theory: and paveboljgy. tasteul, ay 
ee a * tional. cotati. dt ate d that efforta. along t these dings ‘woul d: be of. avail ee - 
ees - a andwvialwéy, ‘and therétore it je ¥ecominended that istich' remediab: courses: 
: es) designied-a and. | istiplémented . we ee i a era ee ae: : E 


r 
. . ’ te es # ey 7 hia 
- ne ® _ ee oh ee fgih ‘ te . a on . a mag. ye A 
a 


, Hy | “SCOPE, “Becaulie | of: the, success: “of the, program thie. jews 7 . 


fre Boe a 
‘ . o* « 


Vand of the prograins: ‘of the previous two years, p we feel ‘that the? 
Scientific Programming Course has: proven its’ ‘walle. ‘therefore, 


a ees once ‘again: recommend. an expansion, ‘of the. program’ tq. accomodate .. ae oe 


as many ‘underprivileged. youths. as funds , facilities , and’ personnel : : . - - i 

7 will allow. . Furthermore; We: _recommishd. that similar programs’ be i 

. a _ made’ ‘availabie across thie country, w wherever there.are: gtadents, Po ; : s 
“who because of inadequate schools ‘and a lack of community concern v" 

find themselves increasingly at, a disadvantage. We note: that pro- se | 

> gramming. courses. are: peGsently made eagily available. £3 students - ae : a. 

| — middle or ‘higher-class schools ,.and a multitude of courses for. i eo i. oo 

: 4g PO honot Students abound. “There is no sound reason ‘for. neglecting nae 

co, the avetage® -but capable high school youth, ‘whe: may not. have’ been 7a, 
ae vas. fortunate as others , but who would take: advantage and benefit , ee 

fom whatever Opportunities: he. may at long last encounter. an | ve a a 
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Aptitude. Test ; 


¢ 


u he nevied’, Ss 
i "one. of the letters a ‘at the ght wide « of the Page is s the correct answer, o. 
e et sts “Look: at tie Sxarnple below. eee ree eae 


Mel oe a 1m. 


Pe ge ee cir @ 3), ri 8). wel on 
ce Wee a “sbababad va. oo eee 7 


elie oma so nbennn ayn tas pene ire Spee Pe = - ane 
"For this. pioblem is “the aa goes: on ab. ab ‘ais - : — be 
. - The. hext letter in the. series is ae Choice 1 is tie correct ariswer, 


~ 
t 


Be #y a ey ® (3), 4) 8) Ae eS ee 
a Xi. aabbecdd as a | be 
ae ¥. iy Example x ‘above, the series Boos | lke this: aa: be ce aa. ‘The oe 


a ai, ¢ ; wee te ‘ 
Stat Sct ts eV = a f apt : a ae ama Aa ria act : oy . MO Bk ae 2) ihe nell 
Ec uae yi D LETTS: n he: se 16:8" 16 ~e IO is the: e é nawer, : caer ak a 

; ie r we t Can aa _ = ” - . : Z os * : : ene ae 


” 


p - Now do. Brample V below. es foe : : ae 2 ps 


ae ge (ay (2) @ (a) 6) oe ak 2 
cer ae ' i is % ad a ot fa aT | - ee ® y Re pes 


f . a es e 8 ; : te 
" ee * ed * * : . 


or - » o ’ 


ae: \ pan ee 
as ; . ; In. ‘Exainple Xe hs séries goes: ca. da" ea tase ‘Therefore, the corre t. 


: & ‘ oS! 
rae answer, is: Bs Choice 4. are, i ae 
nee “Now do 0 ample Z.. : " 


ya), “@) (3) (4) (5): a es Z 


ele c, x- Vea a 


 e 


3 ‘tettér én ‘the "rghtstan Bade of the. page which belesige next, in 1 the 
“series Indicate the correct atewer on the answer sheet ° 


" ‘ Tagt ad ‘ 


@) ca | 
ss ; a h * . 


: ae (2) '.(3) (4) ” 


ane ees yajta oF a ar ae oe _ oe ome eo 1) @)\ ) 


g.¢- 


boveee etait sat ke Ueda, 


(i) (2) BY (ay (8) 
ae a | 


ik 
(1). (2) (3) (4) (6) 


le hain side of the 1 page » and ‘ive mere on 1 the peor a of * 
athe. the pages. ‘The four, figures on the left make a serieg. “You: are to 


teeter ee ek 


"find: out which hich one of the Higuived of on the Fightshand"side-would-be-the 
_ text. c or the fifth: Gne 4 the. serie: Now. look at mene xe 


4 
. 


. Ka : } 


In Example. x aire is. ar clockwise’: thévement of the striped « square: 
“upper ‘right, lower ‘right, lower left, upper left. The. next” or fifth . 


Pa Crematories ee spvhates enue 
. 4 oy 


position in this. clockwise tnoyement would thus be. ‘upper right; , and 


~ 80 Choice a is the corsect answer. Se og Pee Oa 


‘Now look at Example Y. 


‘In thie sorles ci figures on. the. lett, ‘there ee one. more line 4 in. rae 
box’ ‘and these. lines increase: in length. Now look at: ‘the five. choices 
“on the tight “hand side of: the page and determine the. cortect answer. . 

ad ‘Yous should have ' selected Choice 5 “whigh has five lines, one ‘more. 
L 7, tha the last box on. the: left with the fifth. line slightly longer t than 
the: last line in Box Ae ae J. rere ee 


Noted 


: specs my you wilh be s eiven some ptoblem® in azithmet! , \ reason 


Vases X: “Hiow many apples can’ ‘you buyifox 86 cone at the “ : 


nite? cc 
Go Oa 


“ah & 2) 1 -@) 18 : (8) 24. (5) 30. 


. : - . soe ar . 


© eS 
CPIM sen’ we “rlepase.! une ibw tanks meee ww tes 


Example Ye: in 4 weeks John has paved $2< 80. 
ie ek average weekly savings: been? 


> pe 


. 


oD . 


(1), 35¢ (2). 404,43). BO. C4)" 708 L 804 
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The cOtrect* answer ‘to the above problem is 108, Choice (4). 


“* ney 


a Slark fnultiplied 


a dawmber' by ten. whet it should ave beet mn : 
divided ‘by'ten, ‘The answer he got was, 100 ’ What ahi 
answer have been? en . ne 


| i ae 


oe 


Be... ‘The average’ valaey of three programmers: te $98. es, week. ) 

Ao oN 8 3 ar ar If one prog a er earns $115). a ‘second earns 8 $65 

ce Cee much is “fa of. the third’ progra: Mer mena 
a a (d) $160° fe). om | ~ 


how. oo os oO 


tf a card pinch dpe ato: can progesa 80 cards. in. half. an ‘Bouiry: - 
: day? many cards cant, she pacer * in a! ‘seven and one- Sap hour 
ai Peer . a . = = : é 


eS am ph 560 Oe (by 600, i fe) 800. ty gee 
a Kean. © - a | 11267 > (e) 1200. ae Cres ak 


- . . 
hare Ps. ig <i. ° ‘ . 
PE a ae: 


Peat 
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| In. a: phogyamming tear of: 12 persons, 1/3 are awornen. ‘and: 2/3 
ha * “are men,...To,obtain a team wi 
ae oe esanoald. be’ hired?” 


th: 20%. women. how, ANY. Me wean 
ae e. ; 


oa os (e), 1 A Mas te J - ate be ee 


It cost ascollege * 70 cents’ a. ‘copy to: produce the program for. - ae ee 
the homecoming fodtball game. I€.$15.,000 was received for: -- 
advertisements in the.program, how manycopies at.50 cents 

a. ‘eOpy must: ‘be sold. to make ¢ a protec of. hak | See ee 
: ghee a. 6, 000 ee ce 11s, ‘000, koa a cD ieee 


19, aia: % ae 


Sélve for x, | given that 3x + 1s 


, j , 
yx we 


29; - © Solve’ the system of équations %-+'y * 
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MS epacny Pete ens he eae 
fe me 


216, y 


“4 


= 12, y= 8 & (e) » none of these 


. “ : So ayge, te : ; ; aes 


Solve for x, given that [3x.~ 4] < 7. 
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Supplementary Notes 


iN 


‘Mahy people regard digital « cbinputens with awettb 


r 


- at tthe’ miraculous powers often attnibuted: +0. them, this’ de due ti. th’ 

part: to the fact that. coniputer desigiexs. andsngers ‘have: tended t6 3 

. be more anthropomorphic than n ceagary. One speaks of a come , 

es puter! 8 “memory ra and at ite. a Bs and "writing": abilities, AT 
“for exaraple ; It is no ‘wonder then that edraputers: are: Ssornetitnes : Ps 
_ Pewatarly referred to as Melectronic: brains." “We shall Bee, hows ; 
“ever, that whatever computers cain do te toby: ‘or for wonerations to” : 


oh 


i. ae "grammer, “Our imiméaiate objectivg shall be the elimination at 


Tee. 


oo A digital computer is. niare aptly likened i an n ordinary: 


adding ee than toa ‘human. brain. ‘It is “ho secret that a com~ 
‘puter does arithmetic and does it well, . It adds; dubtracts , multi-: 
plies, and divides--all at ‘extraordinary speeds and with incredible: . 
accuracy. “$6 it should come, as no surprise, that computers: aiid 
‘adding. machines have this characteristic in common: an internal 
‘mechanism, which we'l] call an. "arithmetic ‘unit, " by which nurn> —_ 
. bers can be operated upon. (By "operated ,""iwe rmean. added, sub-. : ae 
i tracted, « etc. - ; . _ 7 ; a 


mig POS 


‘ter ie a Bboe: example of a paiticular one--tells us e that hea Giese 
. inside | is. another | unit by which numbers can be: atored. We know 


of  #This’ is tot to say that awe is totally uniwatranted. But awe 
based on ignorance rather -. than: paguledae should be mecenved fox ' 


the aesthetic sia the divine. 


5 


thy stein we. ie Spa i 
ge ether e EOE fee eee he ee ee ee 


amerbered: bye 


a Se 


a a Natorage watt 


ae 


’ in 


oe fs wat ma 


: ‘ eo ga Ree 
see ’ ’ a 


om, ae sere we alae keiow that -somne theptis’ mist exige: tor eontootting penne 
“the, internal operation of an adding: thachine .. ‘Depending on which | 

“button, ie: ‘puéhed “the. adding, machine’ can be “instructed'" +0, ‘add or: 

Pee aia.  caebbiett to display, a subtotal - or total, ‘to. cleat itself, and: 80 forth.) woe 
Pigeon médhanism which’ regulates the actions. of the adMing machine | 4 : OSS a oe 
J *. . is called the Yeontrol unit, a ‘unit also shared »Y, computers .. aan - - ie 7 


ute a an Soa 


; ’ Be aoe oe : x 
— , ‘ aXe : : a : i - woe 


. > A ‘further: ata lGey may be made in ie adding fachites . ‘2. - 
and computers both, have "input /¢ output units'!++that is, mechanisms . 


x 
' 


. Tw oy “by which. numbers may be entered and "instructions" given,| and by = 
4 ; ; a which the. results, of the operations upon ‘the given ntimbelts may be oy “s : ‘, : 
: a ‘displayed. ' Addixig machines have buttons on a keyboard, On input, | : ; 
a and have "windows"! and/or printed. paper tapes for output. Com- . oe fee 

| puters haveq larger variety of input/output miedia. In ghr every-— | > Re 
; “day lives ;. we have’ all. encountered punched cards whi h may: be ie = iE \ 
i eG used for. both inpitt and. output, « Printed necerds, or Nistings," or “f “ 


w yy 


+ are also common for output. og Y a - * aa 
fs > me e : 7 : . 7 . ‘ g 
. > . " eG 


we thus artive at a eee pictured in Figure ly for. | a 
* both saaing ‘machines and. computers, The presence of the control — 
a Se. ng unit at the hub is. more. figurative than factual, At is teant only” fo... — % & * 7 er 


me >. represent whatever controls the internal ‘operation and interactions a “og 


” 


.- of the other-units.* | me ie game ee : eo @, & . a4 oe 


Mace. 


ARITHMETIC | 
UY | 


ae ruidastiontal, ee eenetat, difference: t ¢ 
a“ aoncept.:, Before elaborating, on. ‘thiss we wil fidst Sonsider how we - . 
- might inetiuct a: “person, who" ‘had access to! an. adding machine to: eat i: 
= “ewlate: the: answers t0.a ‘simple problemi: “We ‘do 80: ‘because, .in prin-. “6. 
ciple, ‘the: appfoach to be taken is. directly. sndlogoas to. the ayproseh | 
we must take when vusitig a computer, conte et, OE Oe a ie ae a : 


i es _What Was Th st 


of numbers as must be done ,’ for example, to determine the. average 
score of-a.class: after an exam An averaging procedure for five ‘hum . 


* It. may deem. that this: lescription is unambiguous , but that is becausé . ns es 
_we-have all taken avérages before. (To a person who does not know | . 


| The. above set of instructions is still 805 newhat imate For bt am 


awe ‘ot the. Natored~ 


Suppoge,we wished Yo calgulate the average of a collection 


bers may. be described asi follows: add the numibets and divide, by five. 


Lg 
vig'ts 
% 


what. an average is, and’ who perhaps. has never added more than two.” a ; 
numb ts ate time, ‘the above description would undoubtedly bein- . — | " ie | + 
‘- adequate, - -A more a eapies averaging procedure for five humber's ig. Oe, f oh 
as £ low eo » ee ©. a 22 fa ae - 
Step 1. ‘Take the first number .. + ee eat | oe 
ee “Step 2.. Add the second number to the rqsult of step 1 Ne, 27 al _ 
_ Step 3, Add th third number to ‘the result of Step 2, | an 
"Step 4, . Add the fourth number to the reault of Step 3, _7o 
Step 5. Add the fifth number to the result of Step | 4, rr oad 
‘Step 6. Divice the result t.of ial 2 5 by ‘the number five. ae : ; 


gr . \ o ee . 
af . be 4 : : rr) eal 


we were to assign the. present task to at diot--who could ‘do% imple. 
grithmetic but was otherwise devoid of intellectual faculties (and it) © 00 
would not ‘be: iniproper to think of a computer, aa. such an: idiot)--then a 


. 


it ris likely. that we. must be more specific. For - ehample, we must 


cooge 


ee Shim that. the ; pngwer we seek is: the result of the lagt step, (Step 6). and. 
ae a to ‘taport: it. at a ee oe Oo ae ot 
a uaar Mes “This example was contrived ¢ to o emphasize the fact that, 


hae r os ‘ 


aes 3 . when dealing swith, computers, we ‘must take: great. pains to be: undm-" = 


bighous: . Tor wé cannat assume ‘that our intent, however obvidu® to 


| "us, can be. corpmunicated without, abating f it explicitly, completely, ; 
re # a and precisely. eee a ee on nn - whe we. ts 


¢ 


E ce oo _A New. Language, As If. We Dign't Have Bough ‘Trouble “with. 
ee oe + * English ” : 7 “ 
8 ge i We now note. two other ‘thadequactae: dn: the foregoing dix 


ti, step procedure, First, a more concise means of represéntation 


. should be sought- s0.that we ‘gan, state instructions for averaging 100,/ 


or 1000, or more. numbers ina more ‘compact form. , Second, a: more 


general means. of repre bentation should bd sought 80 that we’ can use 
‘the same set. of ‘instructions to obtain the averages of. 100, ; ands1000, 


4 and. more, tumbers ° To‘average an arra "of N numbers, , 
g ¥ 


X#{X), x: 


ere Xn 7 we might reformulate out instructions as‘fol-— 
lows: . , : | 
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a 
& | a ro 


“ ‘ tel te 4k ar 


oan 


+t 


ar , is 7 . : eo 


ee Let our subtotal have the value zero... _ i. ae 


.. Repeat Step 3 letting I take each of the itteder. 
4 . “.. - values from 1 up to N inclusive. 


. = - | Add the I~th. number: (of the array. xX)’ to the : 
ft a : . 2 ae “ourrent" value of ‘the subtotal, and then let the’ 
— subtotal have. that sum ag its new value. 


. Divide the Neurrent"! ‘valué of( the subtotal by N,. 
and then let the subtotal have that a ast; 
its mew tials . oe 


. : : : : “oR 
: “th J, apt . 7 
$ x. ee 8 ‘ . : , . . Es 
7 . si . . % * 
’ , ¢ 
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‘The word "cugrent'in the above.is meant to imply that the steps are 
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agg 


ke om 


sf ae \ + of soo o . i #, = ' : a eo 
. petformed sequentially in time, and thus that'the subtotal changes in 
+ ‘ 1 a ‘ : -t 

- ; ay : 4 seta 4 . 


forth, leat he, ‘be ‘confused aa to: the order in: which: to: ada thé oe mart 
_atthovehy. in shia: example, it is irrelevant), anid. further: ye mist! tell eae 


w 


oo the jatot precisely wht ‘puter 48, frat, second ith bye Three ot 


eo 


pO) OY tea th ed 
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oy) 
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. Ae 
ae 
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te ‘ 
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. a4 
oe . 
. ue 4 
vo : a 
oy 3 ar he 
: ; Cereal 
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, 1 ebiged each time sted. 3 Ae ‘oxdeated), me: -ang finally Sten 4 ig ae sy *s 
ce ‘Thus the subtotal —— N +: 2 Meee 


‘A oy 8 
_ j ae 
: wy , 
ar aes bon a ae aa 
Se ae ah gi ae io : fe a ; ee : CP a ole a ; ce dea, 
over 1 y Steg ae el Be z 3 oe 


, , na 


‘shorthand language, is a mone oe Pee 7 : Po. a : a he. 


eT eee | “SUBTOTAL=0. nt Sea a aa, 
Roe es EDO Sabet, N- ee PS 
Oba SU 3 SUBTOTAL SUBTOTALAX(N eae © ces wren 
re a re SUBTOTAL ASOnTOTANIN, CG ee Oe 
Ge ete ent ee aes ' aes ” i 1. 4 ghee = oy 


a ee We shall call a set ‘of instructions written in thiis shorthand language 
| a “ptogran." A close comparison of ‘thie: program, with the. more: 7 a 


" | - verbose version will feyeal. how this new. language is to: ‘be interpreted. ae 


ee “e ee ‘Buta few explanatory nétes should bé iniade. * ee ee ee eee a 
; = ; ; _ : . | ao a i‘ i a ji “ og oe er : oe o3 e. a eo 


ice oe First observe that. the values of -N and of the’ array. x ate” 
‘ | assumed ‘to ‘be known to whoever (ox, whatever) uses. the. program. 

a - Stated - another ways N and ‘X are variables, whose value depend. 
Pat ; {on the ‘particular: set of numbers we. wish to. average, a and thus must 
| _ be specifically defined for each new set, To average the three num- fi 7 
bers 5, 10 and. 15, a complete program. would therefore be. as fol- . ae 
lows: . . ae ~ & te” 


- X(DNe5¢ . 3 a . | sn, PME 
_ a , X(2)=10- a i. 4 ; 
a eee.) eee 
ee “0g 7 SUBTOTAL=0 , os | es, 
it, a _ ‘DO3ic1,N. 9 a or rr ae tee 
. eo "3°" SUBTOTAL= SUBTOTALHX(1). a oe, ey 
@ “8S. SUBTOTAL=SUBTOTAL/N © | jo 


ee OO ee ; 7 We observe, from the above that it is 8 teally unnecessary. to > a 
number each in | 


e of Hy tstoment," since we van by convention assume 


‘ : oS 
eo 4 

‘ 

ae 

ays 

he 


4 


“ a : Mois asain for ‘the iia | ‘Also; ; for’ pean 
xT has, ‘hece béwnitien: x. 


< of ae finial cbsenvation is fiah the equal oigna, aed ih ‘ha pro-, a ee 
es 7: ; an me ie replacenient rather than’ equivalence... In oftler 4 peg, ist 7 : Bey 
eT Et thie: statelnent. numbered 3, -we cannot cancel. SUBTOTAL andycon= "4 ee 
SS a fa i ue clude that x()= 0 pe. Wwe would in ‘algebra. : The" leorrect interpretation a s 
vis that the expgession an the; right- ~hand’ “ailé: “of the. equal sign.is to be ee . : 
evaluated: and this value is then to replace" ‘the previons ‘Value ‘of. the’ 4 a : a fe 


“9 variable hamed on the: left “hind side, We emphasize again that {he : © ace 


oh 


a ° ot instructions of the program are. to be. exechted ond ata tire, inde- 
a a = pendently. of the other instructions, in a sequential manner, » ‘In other” ‘s | | 
| words, computers basically operate by sequentially ‘replacing the " 2 eg Ae: 
es 2 , a values associated with variables in.a manne dictated’ by. programs o te 


ae - we "written ina language sych as. the above. 


5 . Lv i “ Surprige!, a a. 2 re ‘a : ; , . oa a. : 
. The shorthand. language used above is. FORTRAN... a a 


3 : . % . -. » yay 


ee 
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Be ‘equen#lathy' determined, “we 5 shall: attenipt to Rkcries here how 
a computer, actually. goes about ‘executing « such a | beara, ; i. 
a6 “tt should firet re emphasized hist. computer: language's stich 

“a8. FORTRAN, cannot be ‘understood: directly. bya omputer, One rea~ i 

‘bon, for this. is that’ - whereas we’ have an. extended alphabet of 26 let+ ce - 

ters, 10 digi 8 ‘and, a, dozer’ or 80 ‘special: characters or punctuation . 
“marks: at our disposal in writing. a computer: ‘program, computers. on 

‘the other: hand only’ have two digits (ze: ro and one) in its alphabet. 

_ Therefore’ each charaéter in our extended alphabet. must have a. dis- 7 

-tinctiy: coded internal form. (In the IBM 360, for example; an A. is’ 

representéd internally by the string of ones ‘and zeros. 10100001, ) 

The encoding process. from external to inte rnal form. is done auto- 


‘matically, 80. far as ye are concexned, via — of electronics. = 


_t : ‘ . , 
- When a ‘computer reads in. a. FORTRAN. program, it will 

have stored in its memory a very: jong string of ones and ZETOB, 
“s What Occurs then | is: a ttanslation process of. seme complexity . We- 

can only hope to describe -here in very simple terms the essential) 

“features of the translation ptocess . The underlying concept ig: ot 

the translator (called*a "compiler") is in realfiy someone else 

previously translated program, ‘whose function. is. to read in pro- - 

grams in our. external language, encoded automatically asa ‘string. 

of ones and ZOTOS. ; and, to then trarislate or convert this encoded 

- string which we emphasize. is numeric) into a ‘different numeric -> 
mse which the computer can then understand, The translated: 


— strin ia we call the Nobject code") is said to: ‘be in a “machine 


fp Janguage.' 


he. 


Me: 


- ors ofdérgto gbtath a better understanding of tthe nate of. : 
abhi language, We: shall fivet. discuss: what’ ‘basic operations: a come i“ te, 
_ pinta can’ ‘actually’ perform, Its bepertoire t is. surprisingly snial], ete eos 


® 4, 


so oe oi ae? tes oar Be ae ‘ ; 
: San , of Se ic nae a . yo, bie vane ans 
a ; eae a er 


AoA ‘computer: can n perform, the four, basic arithmetic oP | i fa ; 


1. 7 ay erations=-addition; subtraction, soultiplication, 8 and, me ; ye 
i as ; a oe mage 9 division, — . el ce eg - 7 Cate : ee a an a ae oe a 
“pe A computer. c can-senge whether a number is positive . | : 
- zero, “or. negative, and can. then alter its, normal ser” : : 
“8 quential operation depending japon: what it senses, *- ty, 
ae 32 ! A computer can perform input and: output (eld or ; 
, | write) operations, which involves, direct and. auto- ‘| —— ee 
. mafic encoding and: decoding of intoriition (from | e- 
_ 7 ae , external to internal, form. or vice versa). 7% = . 3 : 
7 a " o) as es j- , hy qi F . ‘ 
o 4... A computer: can. transfer. numbers around in its 
; "  * mertory., eS eae es 
ow : ; . 
A computer can do fothing. wine: that does not involve these fundamen- ais re 
‘tal capabilities . . Thus the task of the. programmer is to devise schemes | 
a (algorithms) ‘to solve complex problems utilizing only these basic op-° ge Me 
“.érationses - a ee 4 fe FS a eee & * : _ 
| * Machine language consists of. encoded ijstiuetions. that — a 
‘specify which of the above operations is,: fa be performed. The trans- oe ; 5 
lation (compilation) process involves the conversion of FORTRAN in- 
‘structions’ into machine languag instructions ., For, éxample ; he 
“FORTRAN program oa ae | ee we oe 
be oe , | a o 
- + SUBTOTAL = c* et a J ee 
yo -. DO8BT= oe “ee a re aren ee, 
oN 8 eter, = SUBTOTAL 4 x ( 1 . ue Be  h- sane 


SUBTOTAL = SUBTOTAL / N70 =e ee 


27 : oe 2 ee wy . ’ 
*% Be — : oan . ; F . : 4 
woe, . a . qe ge 8 


iad A ‘s 


~ teflowing sequence ‘of: 5 mdatnenital opetationss, 


, 
ee ae £035 oe = ? ae LE BG, Re 


Transfer zero to SUBTOTAL, 


O28. Transfer 1. to: I, ihe - he: . : ae 
: : : “of y ‘ : 


io oe Bag” ge : 3. Aaa to. SUBTOTAL the lth element of x and branpter: 
ne ee aug, oe a to. SUBTOTAL the: aan oe aoe Seige aon 


“ee ote 2 4. aad | to. i and transfer to i the eum. an wt. : a. 


; . pone Py - & ee ce Subtract N Gon 1 without changing N or 1) and if the: 
oa ae ee “yan result is. ‘not positive, go back t to: ‘Step Bee ica ee re 


8 7 a 
omit an : a is Len 


oat eras » 2 Os, “Divide SUBTOTAL by N. “- transfer to ¢ SUBTOTAL the 


ee oe ee | quotient. 7 a Veg eae a ae arr 7 


‘Since the DO or. itévation staternent'i ‘is not one of f the fundamental’ op~ 7 ‘ : 
erationa, it must be converted, and as we can see ‘it is ‘éfuivalent to. / 4 ze 
gg the incrementation, test, and branch operations ‘specified, in lines aon ia is 
and 5, ‘The six, instructions above “indeéd. involve. only thé fundamen- 7 = i : 
ae ae tal capabilities. ‘of a. -computer a ee a oo y 7 a \. 
. We have implicitly assumed that: the symbols i in_our. program, ae : ‘ 
_ ano _ (SUBTOTAL, ie N, and-X) are associated with physical locations in the | 
a ay computer which are somehow distinguishable ‘and which can be indi- 
_vidually referenced, In fact,:a computer’ 8. memory consiifts’ of'a set . tye a 
of (usually several. thousand at least) such memory locations ,-each of 2 = 
fo oy . 3 which we call a "word. "To distinguish among different words, there | 
“aah corresponds. to eath a ‘unique number, called its "addréss." (In 
. “a ee we ‘distinguish between houses’ by their street addre gies. )- 
| _ Every number or ‘variable in:a. program must be assigned to a par- 
“ticularMocation ‘in memory, and every teference to that number oF. 


a 8, 7 # F 
ve - . variable can then. be made using its numeric address, It is the addi= 
~ tional task ‘of the compiler to produce machine lafiguage objegt code 2 
' having such numeric referetices ‘ ‘The peed instruction in the above oS 


he, 


Yo 


— 7 . . os, LE ‘ : <s or wn . Re a ge oP — . oe nese se “ 
_ string (stones and’ zeros) , and consequently it can be’ stored: in ‘the 


“t 
a 


ofa computer , ‘it cannot be determined out ‘af context whether that ie j* 7 


; word of, data, 


assumé is sin object code form somewhere, in the’ computer's g memory). 


wt : : “ate oe i” So ar ne 


We ‘have. ‘died earlier that. oben code itself is: ‘a numeric: : 
“same ‘memory locations as. numbers. and. variables sit. is. a very furi-" Oe ata 
“damental fact that program instructions and program data can share oe | 
the: memory of. a’ ‘computer. (Of courses at any’ one instant, they must . _—. : 
“occupy. separate words. ) Looking at the Belt gnber in an arbitrary word. - a <3 


number is. an, vencofled instruction, or is simply program, data. What * 


. 


“then i is a | computer to do? 


te : oe Root : i : . ms : 2 a : a ae as 
Ane : ; a ae i t San oe a AW: 4 . F ‘ 

. : . . A A : 3 - . : is ay ey soe : 

: x : tim 


“A is snot lost? For’ computers, have what: 4s: called. a loca fa ce 


ie 


“tion counter ;" which: contains the address of. the next instruction, to. ‘be ey - oe 


peerent) . by. the ai seals We — that "control" is. salve next to” 


ter is s automatically (elestronically) incremented _ ong instruction | 


as each instruction is executed, except of course when the: ‘present 


instr iction causes a transfer of cantrol as, after, a sign. test. For | 


correct program,. then, instructions are distinguishable from. dat 


tir that the location coynter cannot have as its. yalue the addpess: 


Pe 


In the abpve ,” we: “ave been discussing what ‘is knov , . 
"stored - program" concept, We cofclude by describing the general - 8 . 
Resta of a computor, as it ieaiog and executes. FORTRAN. i pro- . % : : e 


oo : < : : * be + “4 “4 4 . . i ‘ , : > 
7 


¢ a The Ic ation counter of ie computer is initially set, mag 7 
£ a 


ally if you will, to the. first instruction of the compiler (whieh we 


“machine clinched a execute the. ised. penta, ‘the: 0 coinpllee 8 can’ 
* simply, place: the. address of the first instfuction of the user progehon. 


eg, 


_inés'the location conte.” The above’are called tite compitation and, 

‘ . execution étages respectively. So that it may reggin c control, the 
compiler. at -corpile time. adds to the: end of the usek: ‘program. in- 
,- structions to place in the location: counter the, address ‘of, the coins « bo acs 
- pilen. : : The: compiler can then proceed ‘to: another: user prog¥arn when ‘ e ° 
‘the, firat ‘completes its job. . This process: is. known as ‘a batched op. - 
erating system. eee ee oe , 


N 


‘ew 


7 Loe nes ‘io! types since: they 4 ate ebtorba: and operated ‘on, in satigely 
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. -_ " We all. know that the: definition of a rational inurfibe fae None’, 
which. can be written as the ratio of two integers," ‘Numbers euch as. 
VR, We, 1, e:are irrational, Mathematically, the distinction ts. vey 

important but it is not very important as far as the computer. ‘ds. cons. 

cerned,. We can best demonstrate. why this is 80, with an example. | 

‘The number 1/3 is rational, However, since the computér can only 

becognize the. number i? as the result of dividing” li 0 by. a 0 or’ 
' 4 . 
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we know that;the above number will be stored as .m X 10° Paine our. . 
compute has only’a finite memory we cannot possibly store: othe in- 
finite number of a's. The computer will chop off the number after 
some point and save perhaps only seven of the m. Thus, ‘the number 
stored instead of 1/3 is .3333333 _whichyig almost 1/3 but not quite. 
The error made due to the computer! 8 ability to handle only finite © 
lerigth mantissas is called round- ~off error. Although eath round -off 
error may, be very small, thede errors can accunililate and cause 
difficulties, 5 
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| gers we must. use: one digit, of the eleven we are allowed. or our num-. : es i 3 oe 
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Se, <€6 99. Thus. if we tried to read in: oe number . 1234 x: 108" a we. would ce . : es 
* get an overflow i message. : a a) 
ki ‘ : ‘ “The iantiuwa can also be positive or negative Bo the | first 
of the eight. bits allowed. for the mantissa will contain a ‘sign,| The | 
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10; A Further Example, an 3 
| “We have seen ‘Bhat the computer can store numbers in three | 

- dibtinct manners}. as integers, as reals, or as double precision reals, 

As lonig as'the numbers are entered properly, they will be stored 
correctly. However if We: were ‘to look at a ‘storage location ,. we. = : 
could not tell what number the location contained unless we also. 


knew what: type of number was contained in thes location, For exam- 
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the actual representation of numbers in a real computer differy oe 
slightly from the earlidr idealized version, We will now make the | 
a "necessary corrections sirice we shall be dealing with a particular \. . 
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operates in binary or hexadecimal , (b) integers are represented in | 
_ two! 8~ complement, and (c) reals are represented’ in the hexadecimal 
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_ these eonece in what follows, - ee 
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complement form. What this means is the following. Positive in| 


4 stegers are atored in sign- magnitude form, the first: bit of the word. 
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. the binary Yepresentation of the. magnitude of the integer. ‘Thus, 
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The largest positive integer that can be: atored: in 31 bits is 2 - 1,’ 
. Negative integers are not stored in ‘sign- magnitude form, i.e., by 


just changing the sign bit of the. representation of ‘its. complemient, 


(The complement of a number. N: is ee as just +Ny: ‘, This defi-. 


‘nition holds whether N ‘is positive or negative. i Negative ‘integers 
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(Using: binary arithmetic, the two's complement of an integer N for 
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between two! s-complement.and complement’) ; os i 2 oe 


‘is perfornied automatically by the ‘conipiler.. a a - a 


000 00 0 ; 000006000000 ae 0.0 10 0° 


fepiesentation of of Reale. in thi. 360° | Dat et eas ; 
ie : -sReaVaumbers : are, translated: Wefore ‘stofage: iin the 360° trom: ~ 
ee “base. io to base‘16, i, Bey, to thie forks m 16° - where. m. “(the ne _&. 5 ‘ 
ney 7 “a tissa) is hexadecimal and. e (the exponent), ia. binary. The mantissa: iB ao ; 


is: stored in sign-magnitude form: the. sign of the mantis' sais _con- i Ps 

tained in the figst bit of the 360: word, with the’ ‘magnitude being stored : _ : es 

i 7 in the, last thrde bytes of the word. Thus, we have 24-bit: ‘precision, eg ee ~ oe 

4 ; a vo ‘which corresponds, to approximately six or seven’ decimal. pleceyac~ 2 } 
a -euracy, The: -exponent is stored in the remaining | seven n bits (of the” | 
a first byte) of the Word. in excess ~ x64 4 form. . oe ee ea, |, F on 


5 F . oe ‘ ee i Pore . ; : . a : bone cz "4 i ee i 


: 3 e - ta “Excess~ ~64 fom i means that fo the. Binary: value of the nuim= 
— - . ber. ey ‘the. constant 64 i3 added prior ‘to storage. _For example ,, the qo ae 
ae “exponent. 0. is. therefore stored as the seven~ bit integer, 1000000, The: - 7 
_jargest exponent, which can. be. represented is +63 COEERER ™ excess — 
64); the smallest éxponent which can be neh ene is —64 (0000009 . a . | é, 
Mae) ee ape: 6A) ; ; ee * = ie eS ae oS 7 ee 


‘ . 5 . 7 


4 ee laea 4 « 


\, Page ee Consider the 360: represéntation of the real number = 100. 49+ . 
“fh. P ij . é 7 , : / (@ oo ; a = P 7 es ‘ “ o , . 


ST a hODL g Oe ag = Andy % 162 = +}. 01100100, x 102 “a ated 

a a ae pe or be my & 3 rr eee. +e 

-_ : and the excess-64 form. of the exponent 2 is 64 10 = 1000010, ‘we ar~ on i 
rive at the internal form * ¢ 3 Pe etek, . 


* é : : : » a ; 
R . ? he: . 7 Pa . , Hes Goa 


1100001 0.0. 11001000000000000000000 


‘ . Mice 
' : ‘ tt ‘ : et 


which is the 360 repy esentation of the real} i 100, The above 32- bit 


, binary’ ‘string can be written ‘in foie el shorthand as A2640000, 
oer , a: 
r =. 2 s .. Double’ ere reals use ; ah additional word (four bytes) a : 
| be for extending the mantissa. The seven byte (#56 bit) mantissa a yields _ : 
Ss ‘approximately: 15° decimal place. accuracy < : , 


ST eee See Pee SE ey Ce ae 


Ris Art enon) 


_ Laboratory Problems A 


‘y 


Bunch" afd. ids Mis thie Fibonacei pedgtain. (Pigure: 1 -4 - f text), wwii 

the appropriate contol: cards, (‘The lees daaie as iss: has” 
a which. should. ‘he" “‘Aphored: for. now.) y a ae ee 
| ne “pane and uk ion Payroll phoreata triewte 3 i 7) with \ appiopei= mee a 
ate’ input data and control sande, ma at 


y 


3. “Determine: what the, following program cornpuites by hand-tracing 
i vit. oR ce ‘ ‘ 5 


ah 


= - oe 


te 
= K* 
=I+1 

7 


wor, N), GoTo 50. 
lf. 


GOTO ; a 
50. WRITE ( 6, 33) NK; 7 
33. FORMAT ee 
oe 8 END |: . & 
ae ia: your answer by er and yunning the program. If it 
‘doesn't’ come out -as expected; rerun it with the WRITE statement . 

- moved up one aotch os e.; interchanged witl the: Leach statement). ‘ 
- Rerun the Payroll program - . | .3 
@ changing. the FORMAT i temenie. a oe Ps 

"b) varying the order of the input and output Mats, = 

~ eeperenne with various data. ca. a ae 


“the objective ‘is to ledrn by making perturbations eovthe ? Cogram’ 
and observing the effects. aa ae : 1“ a ee 8 
. y Hi Nore. 
at Run the: following. program fox the data of ne choice’ “Taonze’ ai" a 

ee _ . - aleee Sh 
—p READ(S, TG Re. ee ac : dea age Ws Sd 
1”. FORMAT-{F10,0,110) rr a 
“WRITE(6,1)1,F 
~ WRITE(6;1)F 1 
SUM =1+F 
“WRITE(6, i)SUM, SUM 
a END» a 


- ny ‘the. ‘results, raw i ie . Se 2 | 
6 Ait, cacieawaee atatemeiite for’ ‘the expressions of inoecive: 3, eke 
eo: Age. 18. of: fext , Punch and ‘jun hes adouniisi appropriate: values®: Noe 
ox fhe varkailea eee — ee x 


oe 


" Wiitievantie rua z progians. 40, solve the general quadratic edpaticl 


gre oe spite ge and. 
eel te" ngats..) “Loop adk: to,read i ta friore, data,” Enough seta ‘of: data’, 
ee eos ‘should be. yped to: exercise, ais parte of the oe - 


guna ’ ay: Aad appropriate litera messages to ‘Lab Problem 4 la "For "pxams. 
pee _ re un th for A = 0, wile re 0, single ook = wall 23 _ 
a a ee . (b).. fox, Misc biminant | = 0, write- “double root =" eel ne 
rake a % a 'o)} for lisctiminant > 0, write 'réal roots are .,.!) OO * 
if t : (d) ‘for dteoriminant: —! 0: write iS caus roots are: cage 
ey “nt Sore, mS oa vot oa : var 8 ge oe es ; ty . oe , 
a ee “fPesign your own formats: fie Oe a Oe 
oy 5. ‘ ‘a &, o , . , ; ; o> 


"Qh: “Write a _prog#am to tead,in a list: of dptitias test scores (graded: 
fg SEE 48 ', between,® and-39), and, Fo-then detérmine the: ‘percentage that ae 
ahaa ain the high oa 30), mid ae 19). oe (0= 22. Paneer: e 


: ae. 10, “Write ai program to! | a be = : he hae , 2b eee 
os , = ba) Mesh in a 5x5 matrix rowwise ubing implied: DO: loops. Eee PAO 
. ed + (b): print it, qut- rowwise without using implied DO loops. ~* Set Ae 
ci (c) print. it-out columhwise: without,using. any DO l6ops (using te) re 
“. . (d}_ print out the largest étentent.in thae rmattix,* - te : LoS rat oa 
| (e) -PHint qut the sumr-of the principal diagonal blements’. auth Ee a 
eed oan - : a oe, . . : en . : . 
ae oo “These taka ‘Should’ be, done in ‘separate pate’ of” he. sare. pro. ir eae oe ‘. 
ch es  * « gram, and appropriate Htewal mEssages should: toe thee vari~ ie en ee 
os ba ah ‘ ous. outpuld, Be ig ta oe ee ote 2 te 
oy 1 Ld.) Write a. progrant fo calculate TT ‘to sai: Cemieeat digits i using the: - > ee 
ae a ee sgetles, 86 ae ee or ee oe, oe ag eae 
eee eet © (a) ft 2 C(Ls Was 9 46 #2. 6TE ce tet se 
eo Oh MS (Le SE Te ae A ea eS aha Be 
: : = ys yf, ~ ee a a Sp le ep: 1, 

a cy ae V2 Convert the quadratic ediationgr dgraty (Lab. pe ayes toa, en Bae 
«5 Ae ‘subroutine. Put. all input; output aaa in the. main es ee 
fee a ie an ee nee J : / : oe ” 
a Te y-33, “a Padieam Exercise ‘6, Pi 157. of te ey ee ‘a: sybroutine. Use this Bo ae 

a 4. - subrontingy, inStead of ZERO, to drBkercise - Be SPCR Wd ge oy a 
: " 2 ae: Extend: Lab Problem 9 to determinié the*mean,” median, mmo a hare | a ' 
ee ne and. standakd deviation of. the aptitude scores, % - vt cy eS ied 
Moa ue P ve ant A ‘aes a. 2 : “4,7 . PP hog . i ‘ 
et Pag 155" Determine’ HO gix decirial places by firdingtthe a area undex a ° Gg 
eT Tae quagter, circke using Simpsob's ey rule A 3s 7 ‘ fae ee 
P te t a 7 — 7 ors oo . avg ot on : a2 F re 7 re 7 <0 , ‘ it 6 Aone fol a ty 
hia, ae “16. ‘Program the Gauss aljeatHlation algorithms aB “flowdhart din a. 08 : hg 
Rito ne - Figure: 8-1, Pe, "167, off text. Add: ast toh DY of the: linprove ont. sg eg 
‘Ss oo on Ps ae a8. on. a ; i a ee 
ee ae : Se, : re are 
has : y's ee ok % , oo a eet om o, oe . 
a ne A - “e i re ag Va - . = yeh : “f Ws . he - { 
ae eo Ph ae et a i ee wa: eS a -* ee ads 
ae : f ae i ‘ is 4 8 2 r Ww u ” kg f 


“y APPENDIX F 


- 


: oa ea Pinel , es : . Ae 
, Addittonal Homework and Examjifations | 


rey . 
' 


* 
? 
Bs ‘ 


. 


1048615 OL 10153602011 8164 79164669179 
“Using the save card. Spreneon perform fis followtig input 
statements: -. ‘ : 

 READ(G, LIN, LJ.N, KT 
FORMAT(I6,. 2,13, 212) 


INe___ l= Joo 


eae | teem, 


mA ee 


READ(5,12)J, K; 1, N, NUM, MOM . 
-FORMAT(3(3, 2) | ae 
: ca oa oT Na, NUS," MOM= 


READG, 13)JOB, KOUNT, Ist, LOVE, NEVER, MORE, 
FORMAT (2(2I2, 13)) 
JOB= , KOUNT=___*_, IST=’, 


LOVE: _ ANEVER= 


ik If the vakiablee — the following values, | perform the madicated 
output statements: oy 


1277924 ¢ Jz 6907, KARY= 11008, LOVE= 42751, 
, NOT= =9100, MORE=21, IBLE=8, JOY¥=462, . 
| KAST= 93, LATE= 48663, "MONEY=22178, ‘NOISE= ee 


fay 


vo 


- WikiTiR(G, 14)I, Je KAST, ‘NOISE, NOT, MONEY 
FORMAT (216, ai 


Fs a 
™ 
‘ 


 wRITE(, 15)LOVE, MORE, IBLE, LATE, KAST, IBLE 
'EORMAT (2 (13, 16), 216) 


WRUTEG, JONOISE ny 3, Morr, “KAS, a ‘MONEY met 
. FERRE, CS, ren ie 


a il,” : ‘Using the ean ‘repredentation j in ce perfor. the Tollowing input | ae 
atafements: 7 a ete en aca ~~ oe 
READ(5, IN ABLE, BAKER. ‘CANDY, DOG, ENOCH, FUN : 
-FORMAT(F6.1,' F3, 2, F8.4, “2F6ii2) Oe 
~ ABLES “ BAKER: ae » CANDY= 
: DY a = mNoct air FUNF_| 


FORMAT(F8, 3, “2F6. 2, 38. 1). 
_ PUPPY= ’ QUIT=. 


SAVES , TIME= 


READ(5,19)KOUNT, UN, KAIL, VO ;1QP, BOTTOM,. 


: NEVER, TOP, LOVE 
_FORMAT(2(3, 2(F3.2, 16)) : 
KOUNT=_::, UN=_, KAIL=,_., VOM=___, 


ITs. Ops , BOTTOM: e NEVER=____ 
TOP= —, LOvE=___ on 


@ [815.25 = 722°9,50 4.8 39-964232.87.8826511%. 


# 
* 


af 


Using the above card representation, rform ¢ the Following input 
statements: — - ‘ -¢ 7 


4 os 
2 READ(S, 20) HAPBY, PUP’, QUIT, RUN, STAY? + CK 
20 oe 3, 5.2, F3.1, FS. 2, F4, 3; F6,4) 

- HAPPY: . | PUP=_.? | _, QUIT= ps 
,. RUNS ‘€ TAY cy MICKA ne 


ae iat fermtitrtipenfies 


” RBanoignamana, TEs Ook: WANE, VERS: cong a 
1. PORMATIPA, 2, F4, i, Fé. 1, FS, 3) PTZ, Fp.2) | a 
. ZEBRA= iy YS a . \: 


| WANT= ~~ VERY". ee a D1 R: 


-READ(5, 22)A,- B, G, D, f, 
(meee F4,3, F3,2, eS, or F4.2, F7. pS 
AS ; . » Be: , $ Ce ‘ a oe : 


Ds! : , ES - yee 


V.. If ihe dele. ‘have the. following values, perform. the following 
| output statements: | 2 ; . a 


ABLE= 90, 725, BAKER 522. 10, CANDY= 8397, 2; 
DOG=65831, 0, ENOCH=5.3172, FAREL= 041961, 

_ ZEBRA=323. 88, YELLOW=57, 375, XTRA=~7321, A 
WHITE= 16, 815, VENUS= 2. 1438, UP= 1640. an 


WRITE(6, 23)ABLE, YELLOW, CANDY, WHITE, ENOCH, uP 
FORMAT(F6. Zs Fv, 3% Fv, 1, F6, 2; 2F8, als 


“ 


z 


. WRITE(6, 202EBRA, BAKER, XTRA, DOG, VENUS, FAREL ° 
FORMAT(EF6, 1, F93 , Fo, 2, F10, 2, ¥5.2, FS, 3) 


) WRITE(, 25)ZEBRA, YELLOW, WHITE, VENUS, ABLE, 
“ “ENOCH, FAREL * © 
FORMAT(<(5. as 6. as arr 3/¥8., 5) 


ee» 3 et #6 . xe Yoo. Je . 6 ae 


VL. Write thé following Expressions in FORTRAN: 


mentctedan es went enptineneectn ees pereer toe mine stchbenatementes she 


is y eet se ache and I 
oo a ‘Punch and run 2 the Fibonacci prograti.., 


“Punch and Tun the Elementary Pie program, 
a No. 8 of ‘original assignment sheet. 
4. Wo, 5 of original assignmeyt sheet. - 


5. Exercise 1-4, page 11-of text. In ‘addition findthe total « amount 
pale and the ie amount ta eae oo 


is 


Exercise 2- 2, Page 25 of - toxt. 
‘Program the Quadratic equations prcerarnt 


“Add names to No. 5 for: practice with Alpha. format. . 

. Postal program, Given the ee ‘nessuxements of a package to’. 

‘ be mailed, find the largest dimension and.the perimeter of the | 

package the other way. Add these.two. numbe ts together.» Ifthe 

total is less than'or equal to 72 inches, it may. be mailed; if it 

is greater than 72 inches, it.may not be mailed... Write a pro~ — 

gram to do the above writing out the, three measurements ,- -the . , 

. final measurement, and whether or mot it. may be mailed .. » Use 
appropriate literal'messages. oo 


4. 
3. 


Given data cakes with narnes and a eu score on éach, determine. 

“if the score is. low, medium or high, and write out the name of . 

the person, his-scoré, and his: rating. Also find the. hifhest 

score, the avérage score, the lowest score, atid ‘what percentage 

got each paung ae ne 7 ar ee ae Sas 

- ° : vo hep 

li. Boinid yn program for. ah Hee wit with: noetel DO loops, ' Possibly ; a 

program with three nested DO. loops with a write statement. 

inside. ali three writing out thé’ three indices. - . a 


.%) 
we y 


12. Given the: formula fe 6774, H2*(s + 3, 34%) wher’ his the 
; length.of an organ pipe in inches, ris its radius ith inches and- 
f ig its resonant frequency ,- determine f.for & = 5!,°151, 25", 
35% and 45" and r= 5", 1.0", 1,5', 2.01, 2,51", ‘asing DO. : 
loops. Write out t, &, and’ t with appropriate Mteral messages. 


i 


“13, No. 10 of original assignment sheet. 


* 


14, Convert No. - to. a subroutine , 


cok 


ee “ Compute standard deviations.” 


Write a program to sort a . list of numbers: . ; - 
: . / 
Ww vite a subroutine’ astie Newton's yaethod. for finding squay 
foots : Compare to the ‘predefined: fen: SQRT. = 
Write. a program. to’ evaluate. the truth value of me é 
sions, (Brom, a special lecture on logic Pe? Mike ‘Wasser an) — 


: Numerical Integration- ‘Simpson! 8 rule, a a 
_ = : | ¢ in Ps 
0" Newton- “Raphson mnothos for. finding + roots of an 1 equation, . 


ly 


“EXAM NO, 1, SECTION I-A, 


ae . oes Agee 


Place an’ 1. after. those vaiiablons in “the: following. List which are. 


integer, , ah R after those which are real, and an x after those 
‘which are’ eet 


| JACK alae a eee | a - HOPE 
3789) Dees PMR a. 
_KOUNT Jo oe ZEBRA oe _ hi LEMON 


Translate me following expressions into FORTRAN. 


' i 


: sok : Ss m8 et Ty te 
2 ae aa: a rie das . 3 . : . ‘i 
vs : : . Bi, . . N, ary ee Ae He 


anaes C'S COE 5 (0) Ora AB6D, 1. - Pia 
ae 410012, 8 oe oon 4B 41.3. 2 ae 


oa CRSA © anooroi, Ro raya ee 
€% 216 ; . Ky ot : , , : : . : xe! - e.. ee 
: oh BiCa yg. Se : faa F ge 


“, +. 4, Evaluate the arses FORTRAN expressions, 


If A 3.5 nd. B= 2.0 shew ~ 


A+B * (A - 1) 28 BIA Bo 8) A B= 


Y ° 


“If A=3.5, B+2.0, and C+4,2 then - , °F ae oS 


iA) 


or. 


A¥B- C/B4 A 2-2 
‘, * 2 z ‘ de a . P 7 . - r : oe ; of 


DR ae & (gt 2 ‘then 


oleh 7 , * : Ss ; a . 
a Emi yams 5 ee ae 


4 


v 
‘ Ro pos ee 


ou Xe 3 then a 2, A? 2 tm, » 4 


: 2 a: 


| @ (X ae br) 3) (x3 % es “ 2, ) ne % a 2. = als 


Ze A= 1,25, B=3,b, 62 2.0,,. and X= 2, Q “thes ae eae 


aug 35 


9° 


7 Aw rc + orar os | i 
SS ag a 42.0,- Be aOy CH 1.5 «ther re ee | 


‘at 


ie o ‘ 7 : : 3 F oN tats ann me nt ei 


(-B 4 ARID BA, EB RONIA AL = oo iF ao ‘~ 25: 


Using: ‘the above card: representation, dotermine the values for , i 
a variables 3 ies 


ty i Sadene a pdiewA Sa agiieidtess aber MeteSs ce. Ree eee e mn ainypnes Semee «Ee eS 


READE, bd KRESS. 
1} FORMAT(L 


’ . 
nee aap eine nee ct eee ceetente foment g etree sgn armament ree 


, . 
so 4 


I2, 2F3.1, 6.2) 
Ke. : 


Cy ena 


Te de 
R= . . S= T=. 


etary 
 @ 
DA 


READ(5,12)1, J, R,.K, L,-S, T. 
_ FORMAT (2(213, F4, 2), F3, 1): 
Te a de R=. 
Ke ee ge 


. 


I=406, ‘Je 9125, ‘Ke 62, L= 110142, R= 43, 61 
S= ‘B91. 425, .T= ue 691, (U=4562, a1, Ve 4629 813. . 


@ o - 4 ‘i 


Using the above values write: out the variables. { 


-@ 


WRITE(6, 13)1, R, L, T; U, V io 
13 “FORMAT (IX,, 14, F6.1, 7, F5., 2, tO 0, Fo 1) 


wiienlé 14K, Ss, 'R, ly V;. 0, 14 t, R. 
al laa 16, 2F6, 1). - 


on re - 
i ' 
\ . . 
4 
. : . 
‘ 
‘ . 
‘ 
. “*, : 
ay . : ° 
ecb neaeammstins coveneren sterfmemecewectnm tins dnrtheta stat event + 
Cy rr 
i 
oe 
feo 4 ‘ 
‘ 7 
: . 
. *» 
‘ 
ij a . . 
cine 
, . 
‘* 
‘ \ 
wo ree 4 
, 
. 
” 
: . 
‘ & ‘ 
¢ . 
6 ' 
; a 
ian 
« 
at oo : “oe 
‘ 
‘ 
7 * 


Te Write a. program using. 


, . . 


“COPY*R 
: ‘RS . ue 
S“ COPY : 


A, "AND! 


i B, 
NIgt ;R- ee 2. 


¢ 
v4 
vo vv 
. 
’ 
t 
A . 


. . t 
x t 
se of 
tr, 
. om aa 
‘ 
i 
é ‘ 
‘ . 
si 
i, i { 
a a 
4 vote 
’ * ' ‘ . 
: i ‘ Cn 2) 
: vy ' Pane ee : 
; . : : 
i Fs 
o * 
i ! * 
& ae a 
io. 
~ 
Pi . a 
ye SOG 
t a Le 
y ae) 
z rt 
t as eee 
» ne sap i . 
< a : wets 
ot * 
yes ; 
: a 
J . - ie 
' « * baer 4 2 
‘ i ste i 
z F me : ree 
u ‘ 
: te in 
_ 2 1 
: mf 
1 . t . 
, 3 . 
i 7 
eS 
i 1 
= . $ 1 - 
: iv . 
‘ y ‘ bs 
o~ oar 
. . t 
. 
5, 7 . 
: ; é 
. { 
oy A +7 o ve 
be 
: 1 i 
' 
yy 
j oe : 
' 


- 


' 


o.Ad guumainig ‘the. wahiea for A and. B: are 20,0 and 8, 0 respéctively, 
“what is the value. of R which is printed out, me ars. 


Re 


° 
ary 
, 
' 
Fe 
‘, 
e. NG 4 
. 
o 
; ek 
oe ‘ 
to ai 


i -REED(G, 50) (BM), « del 1A) 


a on folléving program’ thi re. ,: 

Bele’ #ach write a small. mumnbex in, a. icircle- and. 

below. acme the sab hare Ee Bo Mistake 
ing of READ. pe (oma x 


f READ(6, 52) a 2 


Do 10, R 22,4. _ ee ao 
VALUE = VALUE «Xf F Rw Sos eg 


CONTINUE Br Ai a) 3 o ~ : oa 


FORMATOX, Is. 8) 
“gTOPR. 


ake peveral Cohabl Me 


No. is 


ae 2 


a ed ee = 


FORMAT(AFIS. 5. | | - 2 


VALUE= 2B(1) 


WRITE(6, SUVALUE S de 


WG 2 oh ae 


Gz polity ; 


ea hen ° ; . ‘ os i 
; 7 fs Sy ow u 4 . Mt 4 oa v we ry y ¥) N me = we e * a wig we en Ne ry ¥ “a HC ie 
: ; a r my . q : ; 


a’ “Match the statements on't the left hi ‘th aa term on’ the seb - 


r ere ae 


ly Read during execution ‘time » > “= aes, _5.LREAD.- a 
2, “Read yee conipilation time: = - 4 : STOP 


a 


3 Requires hadisional j aac as : Looe | te Se 
Ai Re silt of« ee Sword length m3 a _—+_-Opekating s sytem “oO 
5 Reault oe insufficient hela width a . _round- off error. : 


‘6 ‘Signals end of compilation . ‘ - - — _your thstructor 
7 Signals end of execution oS Sa Bee oe INSERT 


: Controls, flow of jobs” 


9, ‘Controls clase (sometimes), 4 ve - END 


~ 


10, Name of real variable | - A Goad E16.8 


[ an ‘Name of an integer tariable ad program deck » 


12. legal, FORTRAN variable name: ata deck 


. 


iV 


a2 oints) 
% P 


Ha) Give a FORTRAN output statémbént for each of the following 
| FORMAT statements. p OO _ 


° 


FORMA'T(IH s¢roitetaxto, 20xXi815. 8/))- 
‘Tf. frormar(orT35.THE CRITICAL VALUES ‘ane!//AQOKES5, 
|B. 15x615.8/)) va ay a a re 


a 


y): Give. a FORMAT sf Glee the. FORTRAN Peer statement ’ . 
given below. Skip to the 3rd line of a new page, before prising. a 
aegis appropriate literals in your output. (4 points) 7 


WRITE, $). LOOP, (A(t) BO, Tl, 3) 


“oe 


eye ea pointe) en, PR Ne ree i 


a 


“i, “Your ineeeil tox-weghs he program: given b a valgus 3,00, Padre rae ry ree 
wees of a te ca ‘the’ imornidg ee nie t ree martinis , -(Moralt 2. Radios ae Mee 
Be be ae : calf a: % Pro ram at 3:00 a.m. after three martinis .) For @ach state~ "|, i a TP: 


no. +! ment Vou'are to (a) underline any error(s) ».(b) explain. the: ie 
© gi ats and (c)-write the corrected, statement beneath’ it. Ifa ptatenipnt 
oe be ee hia 1 no SE TORK; Bios must say § so. pe ee 


ro ae “ i : . we 


= 


S IS MY een PROGRAM. | 


po | H=SQRT(6,/-NO#4. (DATAHL.) 


IF(A*I)10, 10,99: °° 7 ws _ ~ 6% 4 


t=  . . | 1pe20, NOTHINGI+3,. 6 a 7 #4 ee oO 
qe gee Oe I ee 39, 4S ks a ee 
nar . . ; git ee i wie _ a 


7 - 20 IF((DATA+I) *2..EQ.3(-NOTHIN)) SUMTHN=DATA(NOTHIN) | 


.. , ‘ o 
4 : 


5] |FORMAT(1H0,110.4,£12.3) a / 
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. the. following, mathematical “eqyal ‘ons: | ee Peer ne. a 


v 
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